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Abstract: We propose a robust face recognition method 

under illumination variation. By using different 

normalization, and features extraction techniques, such as 

Dual tree Complex Wavelet transform (DT-CWT), Local 

Binary Pattern (LBP). We store the image of a facial image 

taken under arbitrary illumination into an image that is 

similar to the image taken with frontal illumination. Then 

we apply a preprocessing method to these restored images 

in order to reduce the noise components, which can 

interfere with the extraction of discriminant features for 

face recognition. Principal Component Analysis (PCA) with 

Euclidean distance is used for face recognition. The 

experimental results for the Yale B database show that the 

proposed method results in the improvement of recognition 

performance under illumination variation.   

Keywords: PCA, DT-CWT, LPB (local Binary Pattern), 

Rank Normalization, Histogram Truncation, fit 
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I. INTRODUCTION 

Face recognition technologies have a variety of ongoing and 

potential applications in public security, law control and 

commerce economy, such as mug-shot database matching, 

identity, and intelligent surveillance, verification for credit 

card or driver license, adhar card, voter id, access control, 

information security, etc. There are many emerging fields 

that can benefit from face recognition technology, such as the 

new generation intelligent human computer interfaces and e-

services, like online shopping, including e-home, tele-
shopping and tele-banking. Related research activities in face 

recognition system have significantly increased over the past 

few years. An important aspect is such technology should be 

able to deal with various changes in face images, like face 

rotation, changes in expression, illumination changes, and 

viewing direction of face. At the core, two issues are in focus 

to successful face recognition algorithm. As for the early 

researches, both geometric feature based methods and 

template-matching methods were regarded as typical 

technologies, which were compared by Brunelli and Poggio 

in 1992. 

Face recognition can be of two types: 

 Feature based (Geometric) 

 Template Based (photometric) 

In geometric or feature-based method, facial features, 

properties and relations such as areas, distance and angle 

between the features are used as descriptors of faces. As this  

 

method is economical and efficient in achieving data 

compression and is insensitive to variation in illumination, it 

is totally depend on the measurement techniques and the 

feature extraction and algorithm techniques. Face recognition 

remains a difficult, unsolved problem in general. The 

performance of almost all current face recognition systems, 
both the best academic results and the most successful 

commercial systems, is heavily subject to the variations in 

the imaging conditions. The different test carried out by the 

FERET and FRVT2000 test that pose and illumination 

variations are among the several cause’s problems for a 

practical face recognition system. However, some solutions 

to pose and illumination problems do have emerged 

including invariant feature based methods, 3D linear 

illumination subspace, linear object class, illumination and 

pose manifold, Symmetric Shape-From-Shading ,  

hotometric alignment, Quotient Image, illumination cones , 

Lambertian Reflectance and Linear Subspace, light-fields  
and parametric linear subspace and individual PCA 

combining the synthesized images.. 

 

II. PROPOSED METHOD 

 
Fig.  1. Block diagram of the face recognition system 

The block diagram of the proposed face recognition 

algorithm is shown Fig 1. It methodology involves two 

phases training phase and testing phase. During training 

phase, data base consisting of few images taken in normal 

illumination condition is taken as input and preprocessing is 

done. Preprocessing involves, images resizing, color to gray 

conversion normalization etc. During testing phase 
preprocessing of query Image which is taken in unknown 

illumination condition is done, different histogram 

equalization on its done and features is extracted. This 

obtained feature is compared with the features stored in 

knowledge base using PCA. And matched image is then 
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displayed. All the above implementation is done in Matlab 

and is stored in .text file. Only histogram equalization part is 

done in Xilinx and simulation is seen using stored text file 

data. Preprocessing: The reason of doing the preprocessing is 
to reduce or eliminate some of the variations in face due to 

illumination. It normalized and enhanced the face image to 

improve the recognition performance or accuracy of the 

system. The preprocessing is important as the robustness of a 

face recognition system greatly depends on it. By using the 

normalization process we are using rank normalization, 

system robustness against scaling, posture, facial expression 

and illumination is increased. The rank normalization 

techniques are used in histogram filtering. 

 

A) Rank normalization: The function performs rank 

normalization on an image - histogram equalization. 
Let x be the feature vector of length n extracted from the face 

image by means of PCA. Rank Normalization (RN) replaces 

the xi with the rank R the component would correspond to if 

the feature components would be ordered in an ascending 

order.  

 
Fig 3 Traditional Face recognition System 

 
Fig 3 Proposed Face Recognition system 

The feature components for all images are as x1, x2…xn. 1st 

find features values from x(1) to x(n) and then we replace 

each image features value by its corresponding normalized 

Rank as follows.                                                              

      
𝑥𝑖……….𝑥𝑛   𝑥𝑖  −1

𝑛−1
                                   

Where, xi is feature values for ith image. With this formula 

we get feature values as [0 1] in range.   

 

B) Histogram truncation: Histogram equalization is the most 

common histogram normalization or gray level transform, 

which is used to produce an image with equally concentrated 

brightness levels over the whole brightness scale.  It is 

usually carried on too dark or too bright images in order to 

enhance or improve the image quality and to improve face 

recognition performance. It modifies the dynamic range 

(contrast range) of the image and as a result, some important 
facial features become more apparent. Histogram truncation 

consists of distributing the pixel appearance frequency over 

the entire width of histogram. Thus, it is an operation that 

consists in modifying the histogram in such way as to 

distribute the intensities on the scale values available as well 

as possible. For image I(x,y) with discrete k gray values 

histogram is defined by i.e. the probability of occurrence of 

the gray level i is given by:  

p(i) = 
𝑛𝑖

𝑁
 

Where i ∈ 0, 1…..k −1 grey level and N is total number of 

pixels in the image. Transformation to a new intensity value 

is defined by: 

 

                             Iout= 
𝑛𝑖

𝑁

𝑘−1
𝑖=0 = 𝑝(𝑖)𝑘−1

𝑖=0                                 

Output values are from domain of [0, 1].To obtain pixel 

values in to original domain, it must be rescaled by the K−1 

value.  

 

C) Difference Of Gaussian (Dog) Filtering: Gamma 

correction does not remove the influence of overall intensity 

gradients such as shading effects. In computer vision, 

Difference of Gaussians is a grayscale image enhancement 

algorithm that involves the subtraction of one blurred version 

of an original grayscale image from another, less blurred 

version of the original. The blurred images are obtained by 
convolving the original grayscale image with Gaussian 

kernels having differing standard deviations. Blurring an 

image using a Gaussian kernel suppresses only high 

frequency spatial information. Subtracting one image from 

the other preserves spatial information that lies between the 

ranges of frequencies that are preserved in the two blurred 

images. Thus, the difference of Gaussians is a band-pass 

filter that discards all but a handful of spatial frequencies that 

are present in the original grayscale image. As an image 

enhancement algorithm, the Difference of Gaussian (DOG) 

can be utilized to increase the visibility of edges and other 

detail present in a digital image. The Difference of Gaussians 
algorithm removes high frequency detail that often includes 

random noise and this approach could be found well suitable 

for processing images with a high 

degree of noise. 

The DOG impulse response is defined as: 

DOG(x,y)= 
1

2𝜋𝜎 22 𝑒
𝑥2+𝑦2

2𝜎12  - 
1

2𝜋𝜎 12  𝑒
𝑥2+𝑦2

2𝜎22  

 

D) Feature Extraction: The purpose of the feature extraction 

is to extract the feature vectors or information which 

represents the face. The feature extraction algorithm is used 

and with help of Principal Component Analysis (PCA) and 

Euclidean distance finding technique we compare images. 

PCA for face recognition is based on the information theory 

approach. It extracted the relevant or related information in a 

face image an decoded as professionally as possible. It 

identifies the subspace of the image space spanned by the 

training face image data and de correlates the pixel values. 
The classical representation of a face image is obtained by 

projecting it to the coordinate system defined by the 

principal components. 

In mathematical terms, the principal components of the 

distribution of faces are sought by treating an image as a 

vector in a very high dimensional face space. We apply PCA 

on this database and get the unique feature vectors using the 

following method. 

.Suppose there are P patterns and each pattern has t training 

images of m x n configuration. 

• The database is arranged in the form of a matrix where each 

column represents an image. 
• With the help of Eigen values and Eigen vectors covariance 

matrix is computed. 

• Feature vector for each image is then computed. This 



International Journal For Technological Research In Engineering 

Volume 2, Issue 9, May-2015                                                ISSN (Online): 2347 - 4718 

 
 

www.ijtre.com                        Copyright 2015.All rights reserved.                                                                          2130 
 

feature vector represents the signature of the image. 

Signature matrix for whole database is then computed. 

• Euclidian distance of the image is computed with all the 

signatures in the database. 
• Image is identified as the one which gives least distance 

with the signature of the image to 

recognize.  

 

E) Dual Tree Complex Wavelet Transform (DT-CWT): The 

objective in most face recognition approaches is to find a 

resemblance measure invariant to illumination changes, head 

pose and facial expressions so that images of faces can be 

successfully matched in spite of these variations. Therefore, 

each face image is described by a subset of band filtered 

images containing DT-CWT coefficients which characterize 

the face textures. In this project we divide the DTCWT sub-
bands into small sub-blocks, from which we extract compact 

and meaningful features vectors using simple statistical 

measures. The major disadvantages of DWT are shift 

sensitivity, poor directionality and lack of phase information.  

 

a. Shift sensitivity: A transform is shift-sensitive if an input 

signal shift causes an unpredictable change in the transform 

coefficients. Shift sensitivity arises in DWT by using down 

sampling in the implementation of DWT. This is undesirable 

as DWT failed to distinguish input signal shifts. 

 
b. Poor Directionality: An m-dimensional transform suffers 

from poor directionality when the transform coefficients 

reveal only a few feature orientations in the spatial domain. 

Two dimensional DWT provides only three spatial 

orientations: Vertical, Horizontal and Diagonal. Thus DWT 

leads to a poor representation of images. 

 

c. Oscillations: Since wavelets are band pass functions, the 

wavelet coefficients have a susceptibility to oscillate or to 

move back and forth or vice versa or positive and negative 

around singularities. This considerably makes a difficult 
wavelet-based processing, making singularity extraction and 

signal modeling, in particular, very challenging. Moreover, 

since an oscillating function passes often through zero, we 

see that the conventional wisdom that singularities yield large 

wavelet coefficients is overstated.  

 

d. Aliasing: The broad spacing of the wavelet coefficient 

samples, or equivalently, the fact that the wavelet coefficients 

are computed via iterated discrete-time down sampling 

operations interspersed with non-ideal low-pass and high-

pass filters, results in substantial aliasing. The inverse or 

reverse DWT cancels this aliasing, of course, but only if the 
wavelet and scaling coefficients are not changed. Any 

wavelet coefficient processing, thresholding, filtering, and 

quantization upset the delicate balance between the forward 

and inverse transforms, leading to artifacts in the 

reconstructed signal. 

 

e. Lack of phase information: The use of real filters in DWT 

fails to provide any phase information. It has been found that 

phase information is very useful in image processing. tasks 

such as edge detection and corner detection. Also phase 

information is not affected by noise. Hence it should be 

provided by wavelet transform. The drawbacks of DWT i.e. 
shift sensitivity; poor directionality and lack of phase 

information are removed with the use of Dual Tree Complex 

Wavelet Transform (DTCWT). One line buffer, which 

reduces memory access requirements for software systems 

and the hardware memory costs for VLSI implementation. 

 
Fig: 4 Dual tree of the real filters for the complex wavelet 

transform (DTCWT), which gives real and imaginary parts 

of the complex coefficients. 

 

F) Local Binary Patterns:  The original LBP operator, 

introduced by Ojala et al.  is a powerful and accurate way of 
texture description. Local Binary Patterns (LBP) is a texture 

descriptor that can be also used to represent faces, since a 

face image can be seen as a composition of micro-texture-

patterns. The operator labels the pixels of an image by 

thresholding the 3x3-neighbourhood values of each pixel 

with the center value and considering the result as a binary 

number. Then the histogram of the labels can be used as a 

texture descriptor. 

 
Fig:5  basic local binary Pattern (LBP) operator 

Binary: 11010011 

Decimal: 221 

 
Fig:6 The circular (8,2) neighborhood. The pixel values are 

bilinearly interpolated whenever the sampling point is not in 

the center of a pixel. 
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The LBP originally came as a generic texture descriptor. The 

operator assigns a label to each pixel of an image by 

thresholding a 3x3 neighborhood with the centre pixel value 

and considering the result as a binary number as shown in 
above figures. In different publications, the circular 0 and 1 

resulting values are read either clockwise or counter 

clockwise. The binary result will be obtained by reading the 

values clockwise, starting from the top left neighbor. 

 

G) Euclidean distance (E.D.): The Euclidean distance is the 

nearest mean classifier which is commonly used for decision 

rule is denoted as 

 

Where the claimed client is accepted if  is 
below the threshold and rejected otherwise. 

 
Fig 7: approach used for face recognition  

 

III. VLSI ARCHITECTURE: 

An Image of 256×256 pixel input peacock image is taken it 

read in MATLAB and its pixel values are stored in a text file 

with .txt format. In Xilinx the file is given to a single port 
ROM memory to store the pixel values. These values are in 

hexadecimal format so again we have to convert those values 

into decimal and have to stored into ROM memory for 

further use. Again a one memory is declared and kept empty 

to store the output result. Histogram is done using Matlab, an 

image histogram show how pixels in an image are dispersed 

by the number of pixels at each intensity level and 

performance estimation is calculated.  

 

IV. RESULT 

The purpose of the experiment is to evaluate the performance 

of the face recognition system by applying the different 
normalization techniques .i.e. histogram equalization, to the 

face images. The face images are frontal face images, which 

are taken from Yale B face images database. The database 

consists of face images 50 in training folder and 10 testing 

folder. A major advantage of our proposed method is that, for 

training , only one image per person under normal 

illumination is required: this is very important for real 

application. 

 
Fig8:  Result after Face recognition system 

 
Fig.9: A case where face recognition system fails. 

 Xilinx ISE12.2 is used for synthesis and implementation of 

a design. In order to evaluate performance of the proposed 

scheme first pixel value was calculated using MATLAB tool. 

From that a binary equivalent of a pixel is obtained, for 

FPGA implementation. FPGA is implemented in SPARTAN 

3E. VLSI architecture for the combined filter can be 

implemented by the filtration of the full image by the 

utilization of one-line buffer memory. This results in the 
reduction of memory from multiple to single line buffer 

memory. The proposed model of bilinear interpolator for the 

reduction of delay paths to enhance the function of pipeline 

is also simulated in Xilinx ISE Simulator is depicted in  

 
Fig 10:  Simulation waveform for desired image. 

 

V. CONCLUSION 
Conclusion can be done from result of various preprocessing 

methods that result of rank normalization, histogram 

truncation with DOG Filter is better than all other pre-

processing methods used here. An illumination variation 

under different lighting conditions is significantly reduced by 

discarding low-frequency DCT coefficients in the logarithm 

domain. Recognition rate of system using PCA is 

significantly improved when input image processed with 

DT-CWT, LBP   This approach is very fast andit can be 

easily implemented in a real-time face recognition system. In 

this work a low-cost, low complexity, low-memory-

requirement, high quality and high-performance VLSI 
architecture of the image scaling processor had been 
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proposed.. By using high boost filtering PSNR value 

increased in decibles (DB). 
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